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Neurofibromatosis type 1
NIH diagnostic criteria





Charlotte M. Niemeyer, Haematologica, 2014, 99: 1653-1662.



NF1 is a tumour suppressor gene

Biallelic NF1 inactivation
• Tumour formation (benign and sometimes malignant)

• Glial cells (astrocytoma)

• Schwann cells  (neurofibroma)

• Interstitial cells of Cajal (gastrointestinal stromal tumour)

• Glomus cells in digits (glomus tumour of finger)

• Chromaffin cells of adrenal gland (pheochromocytoma)

• Bone marrow (JMML)

• Malignant peripheral nerve sheath tumour (MPNST)

• Non-tumoral features
• Congenital bowing of bones with/without pseudarthrosis

• Café-au-lait spots

• Increased RAS-MAPK signalling
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Minimum prevalence of 25% of ASD DSM-IV-TR

NF1 has become a monogenic model to study autism
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• 531 individuals (2.5 – 84 y) from 6 NF1 clinical centers.

• Autistic symptomatology demonstrated a robust unitary factor structure

• Strong but separable relationship with ADHD symptoms

• Within-family correlation far exceeded that observed in the general 
population and ASD family samples.

Morris et al., JAMA Psychiatry, 201612/7/2018 7



Summary Nf1 mouse learning
Alcino Silva laboratory

• Hippocampal and prefrontal learning deficits 

• Increased inhibition by GABAergic interneurons
• Impaired long term potentiation (decreased synaptic plasticity)

• Impaired hippocampal dependent learning

• Normal learning in adult mice by acutely reducing Ras signalling
• Farnesyl transferase inhibitors (farnesyl needed to anchor RAS in cell membrane)

• Lovastatin (cholesterol lowering drug, also lowering of farnesyl synthesis)

Costa et al., Nature, 2002
Li et al., Curr Biol, 2005 
Shilyansky et al., PNAS, 2010
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12 months of treatment
8-16y
84 children
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Neurofibromas

• Neurofibroma formation
• Importance of timing

• Plexiform neurofibroma
• Second hit in Schwann cell precursors during foetal 

development

• Zheng et al, 2008.

• Dermal neurofibroma
• Second hit postnatal in “skin derived precursor cells” 

(SKPs) in mouse model for dermal neurofibromas

• Le et al, 2009



NEJM December 29, 2016
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Café-au-lait spots

• Melanocyte cultures from CAL macules show bi-allelic 
inactivation of NF1 gene 
• Every CAL macule has a different second hit in NF1

Maertens et al, 2007; De Schepper et al, 2008



Aetiology of pseudarthrosis

Stevenson et al., Am J Hum Genet, 2006
Lee et al., J Orthop Res, 2012
Sant et al., J Med Genet, 2015
Brekelmans C et al., unpublished 15



Results of extensive sampling 

Tibia F Tibia G Radius H

Sampling NGS Sampling NGS Sampling Sanger 

1 32% 1 2%

2 33% 2 17% 2 76%

3Ai 30% 3A 42% 3Ai 78%

3Aii 7% 3Aii 72%

3Aiii 94% 3Aiii 90%

3Bi 34% 3B 4% 3Bi 74%

3Bii 97% 3Bii 62%

4 77% 4 92% 4 15%



Lancet, 2000

Parrozzani et al., 2015

Choroidal abnormalities present in 60% of children < 16y
Lisch nodules in 62%

Vagge et al., 2015

Choroidal abnormalities in 69% of children < 16y
Lisch nodules in 48.7%

Viola et al., 2012

Choroidal abnormalities in 71% of children < 16y
Lisch nodules in 43%



Parrozzani et al., 2015

140 paediatric patients (0-16y)
Choroidal abnormalities present in 60% of children < 16y



Choroidal abnormalities in café-au-lait syndromes: A new differential diagnostic tool.

Cassiman et al, 2016, Clin Genet

NF1: n=34
Legius syndrome: n=14



• Naevus anemicus in child with Legius S

Bulteel et al., JAAD Case Rep (2018)



Genotype-Phenotype correlations

• Mostly no genotype-phenotype correlation

• Exceptions
• NF1 microdeletion: more neurofibromas, higher risk for MPNST, lower

average IQ, facial dysmorphy, no short stature

• Met992del: no neurofibromas, no OPG, few Lisch nodules, pulmonic stenosis

• Arg1809 missenses: no neurofibromas, no OPG, few Lisch nodules, short 
stature, Noonan phenotype, pulmonic stenosis

• AA 844-848 missenses: fewer CAL spots and freckling, more plexiform and 
spinal neurofibromas, more OPG, more scoliosis, more MPNST



KAYES et al. Deletions spanning the neurofibromatosis I gene: Identification 

and phenotype of five patients. Am.J.Hum.Genet., 1994, 54, 424-436.





SUZ12 is the microdeletion gene responsible for the increased 
MPNST risk!

SUZ12 is a member of PRC2:
Polycomb repressor complex 2

• 51 MPNSTs
• Array CGH: homozygous deletions 

of SUZ12

• Exome analysis: SUZ12 mutations 
are recurring

Ciarapica et al., 2011
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Mosaic manifestation

Segmental distribution 
of café-au-lait spots

Only on left side of midline

Freckling only in left axilla



Melanocytes



MNF1: mutation types detected

• Mosaic NF1 mutation: n=28 
• 7 mutations detectable in blood, 21 only in affected tissue

• Multi-exon deletion, whole gene deletion, insertional translocation: 16

• Small in/del; base substitution: 12

• Second hit mutation NF1: n=24
• Multi-exon or whole gene deletion or copy neutral LOH (first hit deletion): 12

• Small in/del; base substitution: 12



Mosaic NF1

• Mosaic NF1 can be associated with complications
• Epilepsy, optic pathway glioma, learning disabilities, …

• Potential risk for germline transmission
• Mosaic NF1 mutation needed if prenatal testing is requested

• Different spectrum of mutations:
• Multi-exon deletions and whole gene deletions in 50%

• Large deletions are not detected by NGS/Sanger sequencing at low level mosaicism

• Need for specific culture of melanocytes and Schwann cells to detect mosaic NF1
mutation/large deletions
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aCGH
• typical benign neurofibromas

• no recurrent copy number alterations (CNAs)

• atypical neurofibromas
• 1 significantly recurrent deletion: 9p

• minimal overlapping region (MOR) of 160 kb: CDKN2A/B

• other MORs at 9p (less frequent:5-6/16)

• Few other CNAs in 13/16 tumors 

•MPNSTs
• high number of recurrent CNAs

• 16/23 (70%): deletion CDKN2A (12/23 homozygous)

December 7, 2018 31





FDG-PET: atypical and benign
neurofibromas

WB-MRI

PET-CT

PET-CT

PET-CT: positron emission tomography - CT scan



Factors associated with increased MPNST risk

• NF1 microdeletion, NF1 missense mutations AA 844-848

• High total volume of internal neurofibromas (full body MRI)
• Nguyen et al., 2014

• Tucker et al., 2005 (hard subcutaneous neurofibromas)

• Atypical neurofibromas (discrete nodular lesions, ANNUBP)

• Neurofibromatous neuropathy (rare)

• Family history of MPNST (rare) 

• Field of previous radiotherapy (rare)
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Surveillance in adults

• Cutaneous neurofibromas

• Plexiform neurofibromas

• Atypical neurofibromas and MPNST

• Brain tumours

• Gastrointestinal stromal tumours

• Pheochromocytomas

• Breast cancer in women (30-50y)

• Glomus tumors of the digits

• Arterial hypertension

• Skeletal problems

• Fatigue, depression, … 



NF1 lookalikes 









Charlotte M. Niemeyer, Haematologica, 2014, 99: 1653-1662.



Clinical features of Legius syndrome

• Café-au-lait spots, with or without freckling
• Macrocephaly
• Noonan-like facial features
• Lipomas in adults
• Less learning problems, ADHD, ASD

• NO NF1-associated tumours

• Important news for parents of a child with multiple CAL spots
• 3-4% of children in follow-up at a multidisciplinary NF clinic



Noonan syndrome with multiple lentigines
PTPN11 and RAF1



NF2 in children

• Cutaneous plaques

• Mononeuropathy

• Retinal abnormalities, cataract, epiretinal membranes

• Few café-au-lait spots: faint, irregular

• Vestibular schwannomas
• Hearing loss

• Vertigo

• Spinal tumors

44
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Café-au-lait spots
consanguinity
Childhood cancer
pilomatricomas

Check MMR genes:
MLH1, MSH2, MSH6, PMS2
Bi-allelic mutations!



JMG, 10 November 2018



Summary CAL spots
• NF1 

• Be aware of mosaicism! (segmental or mild generalized)

• (NF2)
• Cutaneous schwannomas, mononeuropathy, retinal hamartomas

• Legius syndrome
• CAL only, frequently familial, no NF1 mutation

• McCune-Albright syndrome 
• Always mosaicism, osseous fibrous dysplasia, precocious puberty

• Piebaldism
• White spots (thorax and forehead)

• Genetic instability syndromes (C-MMRD)
• Childhood cancer, pilomatricomas, frequent consanguinity

• Noonan syndrome with multiple lentigines
48
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